Nowadays, children with hypoplastic left heart syndrome (HLHS) survive longer. Thus, the management of such patients undergoing non-cardiac surgery is of increasing relevance. A 12-month-old boy with HLHS following stage II Norwood palliation and Apert syndrome required extended craniosynostosis surgery because of elevated intracerebral pressure. Since extensive blood loss as well as hemodynamic instability were expected, anesthetic and surgical management were carefully planned in a multidisciplinary approach. Advanced invasive hemodynamic monitoring, well-balanced fluid and coagualtion management and an adapted ventilation strategy allowed this complex surgical procedure to be performed safely. Our case illustrates that complex non-cardiac surgery procedures with large volume shifts require a well-thought strategy in children with univentricular repair of congenital heart defects.
had undergone stage I palliation including a Sano Shunt at the age of 6 days. At the age of 6 months a bilateral bidirectional superior cavopulmonary anastomosis (SCPA, stage II palliation) was performed. At the age of 12 months craniosynostosis surgery was indicated by radiologic signs of increasing intracerebral pressure due to premature closure of the cranial sutures.
Preoperative evaluation showed a cyanotic (SaO 2 88%), growthrestricted (69 cm, 7.5 kg) child with developmental deficiency, muscular hypotony and cloni of the lower extremities. Preoperative echocardiography revealed normal ventricular function, minimal insufficiency of the atrioventricular valve and laminar flow profiles in the neo-aorta and Glenn's anastomoses. Long-term medication included enalapril, furosemide and potassium canrenoate. Acetylsalicylic acid was discontinued ten days prior to surgery.
Anesthesia was induced under standard non-invasive monitoring (blood pressure, ECG, pulse oximetry) with midazolam, fentanyl and ketamin-s followed by rocuronium. While bag-valve mask ventilation was unremarkable, endotracheal intubation by direct laryngoscopy was not feasible. Therefore, the airway was immediately secured by fiberoptic intubation. Anesthesia was maintained with sevoflurane and remifentanil. Pressure-controlled ventilation with an inspiratory oxygen fraction of 0.35, a respiratory rate of 16-18/min and an inspiration: expiration ratio of 1:2.5-3.0 was chosen. Positive endexpiratory pressure was limited to 5mmHg and tidal volume was adjusted to maintain normocapnia (Figure 1 ).
Since the child showed a very poor peripheral vein status and extensive blood loss and inotropic and vasopressor administration were expected, we decided to insert two central venouslines. The central venous catheters (left brachiocephalic vein, left femoral vein) and one arterial line in the right femoral artery were safely established with ultrasound guidance. In order to prevent air embolism, all venous lines were provided with air filters. Dopamine was administered continuously to maintain mean arterial blood pressure > 50 mmHg. Fluid management was based on balanced isotonic crystalloid solutions with added glucose (Figure 2 ). Furosemide was given once to avoid volume overload.
Introduction
Since survival improves in patients with HLHS following each stage of palliation [1] , such patients more commonly present for non-cardiac surgery [2, 3] . The possibility of extensive blood loss, the risk of sudden cardiovascular instability and the threat of massive air embolism make craniosynostosis surgery challenging even in otherwise healthy children [3, 4] . Knowledge of optimal perioperative management of craniosynostosis surgery in children with surgically palliated congenital heart defects is rare. Consequently, our case presentation intends to illustrate that complex non-cardiac surgery procedures with large volume shifts require a well thought out strategy in children with univentricular repair of congenital heart defects. The authors received written permission from the patient's family to report on this case.
Case Description
A 12-month-old boy (69 cm, 7.5 kg) with HLHS and Apert syndrome was scheduled for craniosynostosis surgery. The boy DOI: 10.23937/2377-4630/3/2/1045 ISSN: end to fit to the frontal bone. An osteosynthesis with resorbable plates (PLLA) was done and the metal plates were removed.
After surgery the child was transferred to the pediatric intensive care unit, where he was extubated four hours later. In the further course, cerebrospinal fluid leakage at the surgical site required percutaneous drainage. The boy recovered and was discharged from hospital on day 14 ( Figure 5 ). The patient is doing well six months after surgery.
Discussion
Multidisciplinarily agreed strategy prior to the procedure and surgery performed by an experienced team allowed successful management of craniosynostosis surgery in a child with combined Apert and HLHS following second stage of palliation. Advanced Tranexamic acid was administered during the procedure [5] . Blood loss was replaced with 220 mL of packed red blood cells and 208 mL fresh frozen plasma. Coagulation was supported with fibrinogen concentrate according to coagulation monitoring including rotational thromboelastometry (ROTEM, Figure 3 ).
For the surgical procedure (Figure 4 ) a wave line coronal incision and a supraperiosteal dissection to the forehead were performed. A periosteal flap was raised to the orbital rim. The orbital contents were released subperiosteally. The temporalis muscle was reflected from the sphenoid wing. A craniotomy was done with four frontal parts first. Then a supraorbital bandeau was raised. The bandeau was fixed in a position 15mm anteriorly to its former position with a 50 holetitantium plate and the four frontal parts were adjusted to a second plate. The parietal bone was incised and elevated at the anterior Following SCPA, arterial air embolism during craniosynostosis surgery is unlikely, since blood flow from the SVC is directly guided into the pulmonary artery [7] .
In contrast to our case, Bergmans et al. [8] describe a case of craniosynostosis surgery performed prior to stage II palliation in a child with a complex cyanotic heart defect not suitable for biventricular repair. A definitive HLHS was not present; therefore, stage I palliation (Norwood I) was not necessary. Pulmonary artery banding was performed at the age of 1 month. Since stage II palliation was able to be postponed, the authors decided to perform craniosynostosis surgery prior to SCPA, because bleeding risk was deemed to be lower [8] . On the other hand, this strategy entails the risk of fatal complications of intraoperative arterial air embolism [7] .
Hemodynamics and oxygenation are mainly influenced by SCPA flow. For optimal SCPA flow it is crucial to have preserved ventricular function, atrioventricular valve competence and low pulmonary vascular resistance (PVR). Therefore, preoperative echocardiography is mandatory. To maintain cardiac output, hypovolemia, arrhythmia and tachycardia should be aggressively treated. Inserting a central venous line via SVC/SCPA allows pulmonary arterial pressure and invasive hemodynamic monitoring, well thought out volume management as well as a suitable ventilation strategy allowed this complex surgical procedure to be conducted safely.
Our patient presented after stage II palliation (SCPA) of HLHS. In a child with definitive HLHS the first two steps of the Norwood procedure are of vital importance and should not be delayed. During stage I palliation the neo-aorta is generated from the native pulmonary root. Pulmonary blood flow is ensured by a systemic-to-pulmonary shunt or right ventricle-to-pulmonary conduit. Thereafter, the single ventricle has to supply the pulmonary and the systemic circuit parallel. Thus, complex non-cardiac surgery with expected massive blood loss is not recommended after stage I palliation [6] . Stage II palliation in HLHS is usually performed at the age of 4-6 months and substantially improves hemodynamics by reducing volume load to the single ventricle. We therefore decided to perform craniosynostosis surgery after stage II palliation, even if increased superior venous pressure after SCPA (which is equivalent to the pulmonary arterial pressure) may increase blood loss. Higher venous pressure may be advantageous by reducing the risk of venous air embolism (VAE). In children with cardiac defects right-to-left shunts may lead to fatal paradoxical arterial air emboli in the cerebral or coronary circulation. central venous oxygen saturation to be measured, thus facilitating hemodynamic and volume management [9] .
In patients with SCPA or total cavopulmonary anastomosis (TCPA), positive pressure ventilation limits pulmonary blood flow mainly to the expiration phase. Thus, inspiratory time needs to be minimized and an inspiration: expiration ratio of 1 : 2.5-3.0 is favorable. A respiratory rate < 15-20/min is recommended; higher mean airway pressures resulting from PEEP values > 6 mmHg should be avoided. In our patient, low-frequency mechanical ventilation with limited inspiratory time and low mean airway pressures in combination with controlled administration of fluids enabled stable hemodynamics and adequate oxygenation. Since low PVR is crucial for adequate SCPA flow; conditions increasing PVR (e.g. hypoxemia, acidosis, atelectasis, fluid overload) should be avoided [10, 11] . Nevertheless, hyperventilation is deleterious, because hypocapnia causes cerebral vasoconstriction and diminishes blood flow through the SCPA. Even though increasing pCO 2 improves oxygenation in SCPA, it should be avoided because effects on cerebral blood flow (vasodilation) may increase surgical bleeding [12] . Spontaneous ventilation is most advantageous for patients with SCPA or TCPA, because pulmonary blood flow preferentially takes place during spontaneous inspiration. Thus, extubation or at least spontaneous breathing should be achieved as soon as possible in such patients under consideration of an individually tailored analgesic and sedation regime [13] .
In conclusion, for successful perioperative management of major non-cardiac surgery in children with palliated single ventricle physiology, a previously defined plan for hemodynamic and respiratory management is mandatory. Decision making on timing of surgery requires a multidisciplinary approach. In consideration of the underlying pathophysiology, the patient's capacity for hemodynamic toleration of expected large volume shifts at each stage of palliation should be estimated and critically discussed.
Quintessence
• Knowing and understanding the pathophysiology of the underlying heart defect is crucial for planning high-risk noncardiac surgery in patients with complex heart defects.
• Decision making for timing of surgery according to stage of palliation should be based on estimation of hemodynamic tolerance for expected large volume shifts
• Multidisciplinary approach by pediatricians, pediatric cardiologists, pediatric anesthesiologists experienced in congenital heart disease and surgeons for planning the procedure in a timely manner is absolutely required.
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